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Introduction-

The proposed research for this grant was the total synthesis of efeutherobin. Significant results

has been achieved towards an improved synthesis of eleutherobin, which is summarized as Part I in the

report. On the other hand, at that time several efficient eleutherobin syntheses had already been

accomplished, including one from Danishefsky group. Thus it was decided that the focus of the research

was shifted to the synthesis of a pair of potent anti-tumor compounds, the CP compounds, which are

synthetically more challenging. The work on CP is summarized in Part II1

07/27/01 FRI 15:28 [TX/RX NO 70801
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PART I Second-Generation Eleutherobin Synthesis

Eleutherobin was first isolated from the soft coral Eleutherobia sp. as a novel marine natural

product. It has a similar tumor-type selectivity mimicking Taxol, one of the best breast cancer

treatment. Moreover, eleutherobin has its own advantage that it is more water soluble and more

effective against some multiple drug resistant or Taxol-resistant cell lines. On the other hand,

eleutherobin has a very limited supply from the natural sources, thus an efficient total synthesis is

very important for producing large quantities of eleutherobin and its analogs for testing. Although the

total synthesis of eleutherobin had been accomplished in several labs including Danishefsky group,

we felt that the synthesis still could be improved, as stated below.

Scheme I H 4S=7:5 EO;6PS O

H

Hi O 2 CHO H4 Eleuthemobin
OMe r-.

1 2 3 5

The above Scheme 1 oulines the initial eleutherobin synthesis developed in this lab (ref.1). It

features addition of 2-bromo-5-lithio furan 4 to aldehyde 2 to give the key intermediate 5. The C8

epimer is also isolated as a substantial side product (ca. 7:5 diastereomeric ratio). Although the

undesired epimer can be recycled, the efficiency of the synthesis certainly has a room for

improvement. Moreover, we would like to directly install a two carbon piece to avoid the steppy

homolongation of the one carbon piece (from 3 to 5).

Scheme 2

TM 0,P.ThS TMS TEF fG

72 80%
S8 4:1 facial ON,, 9 O2N' 10 n NO

selectivity

HQ. e.terificafis n . % Me Tebbe r'eLSelectride,_ C • 98 $ . -.a " OMe
-- ]r. ,,,• Nef =° M4e11 m

60 - 70% ' "O2  45 % total B Br

12 13 14

Rearrangernt•- reduction

3$ YOMe 15
Mao
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Scheme 2 indicates the recent progress on this front, which was achieved since the last
progress report. It outlined our modified synthesis toward the intermediate 5, starting from known

compound 8 (from 7, see ref. 2). For the start, a regio- and stereo-selective Diels-Alder reaction gave

9 as the major product. Driven by the release of the ring-strain, deprotection of TMS leads to a Retro-

Henry type fragmentation to give the two-carbon side chain,

Next, we wish to install the furan piece through a Claisen rearrangement of allylic vinyl ether

14. After a stereose[ective reduction as the result of the equatorial attack of L-selectride to give 12,

esterification, Nef reaction which directly transforms the nitro group to protected aldehyde, and Tebbe

reaction gave the Claisen precursor.

During the last progress report, a synthesis toward the intermediate 17 was described so was

the conversion of 17 to 18 via the Claisen rearrangement. We hope that by the same token,

conversion of 14 to 15, then 5, could be achieved.

01 175C0 $O~We

Br ~oz0,,Me __4%-- H We r"•t- 40% Ogr

17 16
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PART II. Total Synthesis of CP Molecules

CP Molecules

OH HPH H
,%H 

H• H4-

"H H0

1: CP-225,Tt17 H3: (7-iso) CP-225,017 H

0 0

2: CP-263,114 4: (7-ro)CP-263,114

CP compounds 1 and 2 were discovered by Pfizer from the fermentation broth of an unidentified

fungus as inhibitors for farnesyl transferase and squalene synthase. Since farnesyl transferase is

involved in the functioning of oncogene Ras, these molecules are potential anti-tumor agents-

Farnesyl transferase has been identified as responsible for the farnesylation of ras protein, a

process that occurs in the early stages of cell division. When a ras gene is mutated, the molecular switch

for cell proliferation may be left in the "on' position, resulting in uncontrolled cell growth (i.e. cancer). In

principle, inhibition of ras farnesyl transferase, and thus inhibition of the farnesylation could effectively turn

this switch "off", allowing for specific control of cell growth through chemotherapeutic process.

CP-263,114 and CP-225,917 inhibit Ras farnesyl transferase from rat brains with IC,, values of

204M and 6gM, respectively. CP-263,114 inhibits SQS isolated from rat liver microsomes with an ICz

value of 160 gM and CP-225,917 with an IC.,, of 43gM. Hence, molecules of this type appear to be

reasonable candidates for the advancement of anticancer medications. With an unusual polycyclic ring

system, a densely packed array of oxygen functionalities, quarternary center, an anti-Bredt bridgehead

double bond, novel lactone-ketal arrangement and a rare maleic anhydride moiety, the CP molecules are
synthetically challenging.

07/27/01 FRI 15:28 [TX/RX NO 7080]
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LUý salt bridge: ,rC7staMCbeft1StJy$3)e as jf7-.) CP 3& 4

syr conformer A O

We hadahiedth gloastuctreof cmp(74) OP 3 & 4
approch from cx-ftice

7146), but the steric center at C7 was opposite to the natural products. During the past grant period, as

the following schema show, we have successfully achieved the installation of the correct 07 and

ultimately the synthesis of CP 1 and 2. We were able to use chelation control from a remote group to
affect the outcome of a lithio dithiane-aldehyde coupling to achieve different stereo chemistry at 07, for

the OP or 7-iso OP series. Moreover, the 7-iso OP compound was converted to the OP compounds via
the inversion of 07 hydroxyl through an oxidation-reduction strategy Treatment of 7-iso-CP-2631s14 or its

methyl ester with TMS-diazomethane gave rise to trimethyl ester. The side chain ketone was then

protected as a dioxolane using the Noyori method. Opening of the y-lactone with LiOH, followed by

treatment with TMS-diazomethane afforded ester. Dess-Martin oxidation furnished the diketone.

Treatment with LiAlH(Ot~u)2 was able to selectively reduce the 07 ketone without affecting the C1 ketone

to give a 1:1 C7 diastereoisomers at 07. We attribute the regio- and equal face selectivity of the reduction
to the assitance of the neighboring dioxolane as it may complex with the reducing reagent to both faces of

the 07 ketone For instance, the keto dithiane analog undergoes more rapid reduction at the C1 ketone

relative to that at 07. Finally, all four methyl esters and the dioxolane protection were removed by

hydrolysis under LiOH and TFA, respectively, to furnish the CP-225917 (2), which can be converted to

CP-263114 (1) upon treatment with MSA .

07/27/01 FRI 15:28 [TX/RX NO 7080]
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Key Research Accomplishments:

L. Critical steps have been established on an improved eleutherobin synthesis. The rest

of the strategy, i.e., Claisen rearrangement, has been validated on the model system.

2. Total synthesis of the novel anti-tumor CP compounds have been achieved.

07/27/01 FRI 15:28 [TX/RX NO 7080]
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Reportable Outcomes:

Publications:

1. The Synthesis of CP-263,114 and CP-225,917: Striking Long-Range Stereocontrol in

the Fashioning of C7

Qiang Tan, Samuel I. Danishefsky

Angewandtc Chemnie International Edition

Volume: 39, Issue: 24, Pages: 4509-4511

2. Discovery Through Total Synthesis - Epimefization at C7 in the CP Compounds: Is

(7S)-CP-263,114 a Fermentation Product?

Dongfang Meng, Qiang Tan, Samuel J. Danishefsky

Angewandte Chemie International Edition

Volume: 38, Issue: 21, Pages: 3197-3201
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Conclusions:

Key steps toward an improved eleutherobin synthesis have been completed. This

is an imporlant step toward seting the stage for the large-scale synthesis of Eleutherobin

and its analogs. On the CP project, the completion of the synthetic CP compounds not

only gives an alternative method to achieve those potent anti-tumor agents, and open the

gate for staictural modifications, but also demonstrateithe power of the modem organic

synthetic techniques in making such complex structures

07/27/01 FRI 15:28 [TX/RX NO 70801



07/27/2001 FRI 15:20 FAX 732 595 9556 MERCK & CO-BLDG 800-B113 I013

Conclusions:

Key steps toward an improved eleutherobin synthesis have been completed. This

is an important step toward seting the stage for the large-scale synthesis of Eleutherobin

and its analogs. On the CP project, the completion of the synthetic CP compounds not

only gives an alternative method to achieve those potent anti-tumor agents, and open the

gate for structural modifications, but also demonstrate the power of the modem organic

synthetic techniques in making such complex structures.
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Appendices:

Attached are PI 's publications during the grant period.
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_ _ _ _ _ _COMMUNICATIONS

The Synthesis of CP-263,114 and CP-225,917: encountered some remarkable instances of stereochemical
Striking Long-Range Stereocontrol in the guidance !by remote functional groups arising from the novel
Fashioning of C7** architectures of the pre-CP intermediates. These findings, as

well as the attainment of our synthesis goals in reaching I and
Oiang Tan and Samuel J. Danishefsky* 2, are described herein.

On casual inspection it would appear that the synthetic
During a screening exercise which was designed to target problem:.ould readily be solved by equilibration of 3 or 4, or

inhibitors of Ras farnesyl transferase and squalene synthase, their precursors, at C7. Howuver, as was detailed in our total
Pfizer scientists reported the isolation of two natural products synthesis :'rcport,14dl epimerizalion at C7 under apparent
CP-263,114 (1) and CP-225,917 (2) as fungal. metabolites thermody•namic control only proceeds in the direction of the
extracted from juniper twigs in Texas.) These compounds 7-epi diastereomer. Hoped for solutions based on kinetic
.have fostered a great deal of creative research from synthetic quenching: of enolates derived from deprotonation at C7
organic chemists. The interest accrues from the novel and under.irrdversible conditions were unsuccessful, Complicating
challenging structures of the CP metabolites rather than from both of these strategies for inverting the C7 configuration was
compelling biological imperatives- Three total syntheses of I the general instability of the OP systems to several intended
and 2 have been described.12l The first of these was reported deprotorintiion protocols. Hence it was necessary to retreat to
by Nicolaou and co-workers.[a-J When appropriately modi- earlier'sta'ges of the synthesis to accomplish our objective of
Lied, their synthesis revealed the configuration of 1 and 2. reaching• and 2 through our total synthesis.
These compounds are now known to correspond to the Thc reaction that established the eventual 7-epi stereo-

absolute stereostructures shown. This finding was independ- chemistry. arose from the action of osmium tctroxide on the
ontly confirmed by the groups of Shair1 2"] and Fukuyama.fl1ýl side-chain :;allyl group of compound 5 (Scheme 1a) This

oxidation:: resulted in a hemiacetal bearing a hydroxymethyl
0 o

0 0
0/0 0 0 /flOO a. TBS B

0 ' 
0

cC H 1 *.t" 0 ~ 0 H~_ 
O , TBS -

HHO H

72 7_ eldo Nk

H: '.."BS Ph TBS
1 7-H=a (CP-263,1 14) 2: 7-H=a (CP-325, 917) N 6_ S~

37-H= p(7-cpF-CP-263,1 14) 4; 7-H= (I 7-epi-CP-225, 917) H A0 __

fron\H4 H I

In our earlier report[ we disclosed the total synthesis of the 7

7-epi series of the CP compounds (3 and 4)_ We are now :'(CHaOBn
5

confident that these 7-ep! compounds are themselves less
abundant natural products, found in the fermcntation broth.,41 R "... ,h XH=C R

Pathwayl 1 =CH2 T-1_fl HXHNonetheless, since the goal structures of our synthetic venture H frmfc H
were compounds 1 and 2, we undertook the challenge of 'R H C• f C3 R'

compundsPathway 2 >=OI
reaching these natural products. In the course of this study, we H from a face HO H

Scheme 1.. TBS = tert-butyldimethylsilyl. Bn = beozyl.
[1 Prof. S. J. Danishefsky, Q. a.n

Laboratory for Bioorganic Chemistry
Sloan-Kettering Institute for Cancer Reseatrh group at: C7. The dihydroxylation was essentially stereo-
1275 York Avenue, New York, NY 10021 (USA) specific. The hermiacetal was shown to have the stereochem-
Far: (+ 1)212-772-8691 istry of 6 by its eventual conversion into 3 and 4- In retrospect
E-mail: s-daniahcfakly@aki.mskcc.org this result can be explained by a-face attack of the oxidant
Prof.S. J. DanishefskyDepartment of Chamistry upon an' ."extended anti" conformation as proposed for S
Columbia University (ScherieI a)- While this was a disappointing result at the time,

Havcmeycr Hall, 3000 Broadway, New York, NY 10027 (USA) a. seem.ii.dly workable solution virtually suggested itself. The
[""] Financial support was provided by the National Institutes of Health thought -Was to gain access to tho required C7 side-chain

(Grant nos, CA-288,4 and HL,25848 for S.M.D,, CA-08748 for the stereoch'mistry by inverting the order of element linkage to
Sloan-Kettering Institute Core Facility). Q.T. gratefully acknowl- the achiral' C7 sp2 precursor (Scheme 1b). Thus, in the
edges the US Department of Defense for a postdoctoral fellowship
(U.S. Army grant no. DAMD-17-99-i-9373). We thank the Pfizer dihydroxylation reaction (Pathway 1) an oxygen atom had
Corporation, particularly Dr. T. Kaneko and Dr. T. T. Dabrab for been "added to the C7 methane carbon of a terminal
discussions and for providing valuable CP samples from fermentation methylene' group. Now we hoped to reverse the stereochem-
broth. We are grateful so Dr. Dongtang Meng for his major ical outcome by adding a carbanion equivalent to a C--O
contributions to this work. We also thank George Sukenick of the lnkage: (ýathway 2).
Sloan - Kettering Institute Core Facility for mass spectral analyses and
assistance in NMR spectroscopic and HPLC analyses, and Sylvi Rusli Specifidally we sought to add lithio dithiane 8 to aldehyde
for mass spectral analyses. 10. Of. course the successful realization of the scheme

Angew. Che•r. bir. Ed. 2000, 39, No, 24 C WILEY-VC1i Veilag Gmbot, D-69451 'weinheim, 2000 1433-785-1/0013924-4509 $ 17.50+,50/0 4509
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COMMUNICATION N _._ __ _

TBS Sph -R 0 fP MB0O kX=2a(5)'rP SR2

H '*H 0_ XH' 0 \0)H HHOS HH I * Li Hi
H. H from & face X j , ' SS 0 S. S• I•S ,,..%j 10 7 L• : sNic0 a0U et al,

(OIH2)805n C7 anti retainer from. a face L rat. [2a]

diastereoselectiviw 11:1

STBS SPh

788 SPh TBS SPhTS u0 QH
-0 b HY *"-

cRY 0 LI~--.~-OH

0' H (CS 5 ~10 (CHOn r(taGiOBn from a lacle L",'" (CH0)6 OBn10 (CH2)SOBn 07 syn rotamer :... "lslroeetiiy1:
Cl S~fldiaslercoselectivity 10 :1

• .. ,,,,,

12

Scheme 2, a) Pb(OAc)4, PhMc, 0C, 20-45 min, 90%; h) 12, McLi/LiBr, THF, -78 0 C, thieif'add aldohyde at -200 C, warm to -75 0 C, 15 min, 70% total.
PM3 ='parat) ethoxybnzy]..

presumed that the conformation of the reacting formyl group TBS
of 10 would also be "extended anti" and that the nucleophile 0 ,

would again (as with the osmium tetroxide reaction) attack a

from the a-face. Indeed as we were preparing for this very H - 1T: X=H. OH: Y= -S--(CH ak-B-., ... "71,' r la:X=H.O H Y= -3 -(CH 2),3-S-

experiment, Nicolaou and co-workers reported that the IS: x=o: Y -C -
addition of lithio dithiane S to aldehyde 7 produced 9 in an Y (CH2)6OBn
approximately 11:1 ratio relative to the C7 epimer (Sche- Selme' 3.)LQ iOH, TI-F, 36 h; 2. CHaNj, 60%; b) (COCI)j, DMSO,
me 2).12u] The result from the Nicolaou group was consistent C¶:CI,; Er.N, -783'• 75%, 14:15= 1:1L
with our dihydroxylation result in that opposite diastereomers
had been produced at C7 following the opposite linkage the n'at'uqe:'of the reactive aldehyde rotamner or the sense of
orders. attack oifhthe corresponding rotamer. For instance, formation

Notwithstanding its dominantly hemiacetal character, 6 of a' lP~a:i::-lithio channel", by the Cl ketone and the C7
reacted with lead tetraacetate to afford 10 (Scheme 2). The aldehydcd,: :would favor an otherwise unfavorable syn-like
latter reacted smoothly with 8 (generated in situ from its nz- rotamet'ass';hown in Scheme 2.
butylstannyl derivative 12) to afford substantially a single This argutment was evaluated following conversion of 6 into
carbinol in a 10:1 ratio with the C7 diastereomer. Our 16 and 17 as shown in Scheme 4. While not productive with
satisfaction with the result was short-lived when it was learned respect. tol.our goal, these studies provided striking instances
that the carbinol was 11.
This realization followed a

TSS PhS
two step conversion of U TBS 11.' '
into 13 followed by oxida- '6 OH

tion of the 2-lactol and the 0 OH L NW \OH I

deprotection of the dithio- 18

ketal (Scheme 3). The re- _TB SPh 0 from ( face . (CHIOOin
sultant 15 had been previ- 01j OH 0 1G (d'aJ6OBn K) (OaeOm

ously encountered in our 6 .-- ,0 b ant inttn-et diasteeoselcmlvity s:2
synthesis of the 7-epi sys- HQ , I" . TBS Ph1

terns 3 and 4- 0 c6H
(C112OlOBn 0 "H

It seemed that a factor to - 02 0 , is• _ . \O "1 1§a:7-Q.:,
explain the massive differ- H I . a 19b:T-H a
ence (11A venus 1:10) be- .- S (42)LOBo
tween our case and that of 17 (oviO.n

Nicolaou and co-workers 07 anti rtain!er 1 Owl Oh =2:3

was the absence or exis-
tence of the C1 ketone. Bu3 S""-"

Perhaps the presence of this 12
ketone in our substrate 10 Scheme 4. a) NaBH4 , PhMc/iPrOH, 6.5 h,70%; b).Pb(OAc), PbMe, OC, 20-45 rain, 90%; c) 12, McLi/LiBr T"I.F,

occasioned a shift in either -7TrC then add aldehydeat -200'C,warmitb -78'ý'C,ls5rin,70% total.

4510 © WILEY-VCH Vcrlag GmbH, D-69451 Weinhelm. 2000 1433-78511/06/124-4510 $ 17.50+-50/0 Angew. Chem. IJtt Ed. 2000. 39, No, 24
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COMMUNICATIONS
of long-range effects, Indeed, even the two C27 epimeric and their :synthetic precursors give rise to quite striking
thiophenyl compounds reacted quite differently with 8. In the intramolecular signaling which invites further experimenta-
case of 16, the ratio of 18 and its C7 epimer was 5;2, whereas tion andi:eucidation.
with 17, the ratio of 19 aJ9 b was 23'

Qualitatively at least, removal of the C1 ketone did Received. August 22,2000 [Z15679)
markedly shift the sense of addition of anion 8 in the
predicted sense, Failure to achieve the very high selectivity
described by the Nicolaou and co-workers[2] may be a .[I] a .T r.::Dabrab, T. Kaneko, W. Massefrki, Jr., E. A3 Whipple, J. Am,?
consequence of the presence of the Cli ketone in their ichem.:.oc. 1997,119, 1594; b) T1 T. Dabrah, HJ. Harwood, Jr., L. l-.Huanc e oN. D, Jankovich, T. Kaneko, J.-C. Li, S. Lindsey, P. M. Moshier,substrate 7. This ketone could wcll provide additional TA.A Sibuashi, lv. Therrien, P.C. Watts, J, Antibiot, 1997,50,1,
guidance for a-face attack by the nucleophile on the rotainer [2] For toinLiynthesc% sec: a) K. C. Nicolaou, P. S. Baran, Y.-L. Zhong, H.-shown. .. S, CholiW. H. Yoomi, Y. He, K. C. Fong, Angew. Chein. 1999,111,1774:

While 18 and 19a are potentially valuable precursors AngeviC~hjn;, Int. Ed. 1999,38,1669; b)K.C. Nicolaou, P.S. laxenY.-
L." Ziong, K. C, Fong, Y. He, W. H. Yoon, H.-S. Choi, Angew. C/em.toward the CP systems 1 and 2, a more rapid progress was 1999 .11"; 1781; Angew. Chem. 11. Ed. 1999, 38, 1676; c) K. Cregistered. This involved the reduction of a C7 ketone to reach Nicohi:u; :3. K. Jung, W. H. Yon, Y. He, Y.-L) hong. P.S. Baran,

our goal (Scheme 5). Here too neighboring group influences Ahgcw::.*Chan. 2000, 712, 1899; Angew. Chenm lnt. Ed. 2000, 39,1829;
d) C, Chan, M. E. Layton, S. M. Sheehan, M, D. Shaht, J. Am, Chem.
Soc 2000, 722, 7424; e) N. Waizumi, T, Itoh, T. Fukuyama, J. Am.
Chemr. 4Sc, 2000, 722, 7825, For synthetic approaches, see: f) K. C.MeO 2C 0 M002C• 0 2Me Nicdoh~iu.M. W. Hartrc, L. Boulton, B. Jandeteit, Angew, Chien, 1997,

OMe 0 2 MeO 2C H 0 ,/CO2Me 109, '1243; Angew, Choe, Int. Ed. 1997, 36, 1194; g) K. C Nicotaou,"" M, HD.':Postema, N. D. Miller, G. Yang, Angew, Chean, 1997, 7109,H 2922; Angew. Chem. Int Ed. Engl 1997 ,36, 2821; h) H. M. L. Davies,
H~~ 0R* . Calve, G. Ahmted, Terahedron Left. 1997, 38, 1737; i) PR WV M.H N ) Sgarbi;.D:L. JGClive, Chcm. Cortntem. 1997, 2157;j) A. Armstrong, "L J.0 Ctchic•yý;A A. Mortlook, Synicll 1998, 552; k) N T. Wairumi, T. Ito, T.

S = 20: X-0 -- 22: X= 3 -H, a-OH d Fukuyama, Tetrahedron Lett 1998, 39, 6015; 1) C. Chen, M. E. Layton,b 21; Xe 0-(CH 2) -0- [ 23: .. M.D. 'Salir, J. Am. Chean. Soc, 1998, 120, 10784; ni) M. M. Bin, J. L24: X= p-OH, &-H Leightoni J. Am. Ch/in. Soo, 1999, 121, 890; n) K. C. Nicolaou, P. S.

f Baran, R:."Jautetat, Y. I-Ie, K. C. Foang, H.-S. Choi, W. H. Yoon, Y.-L1; 2 l3,j 1= e f- [3d] 2:2}225'91 Zhong, ::Angew. Chern. 1999, 111, 532; Angcw. Chem. Ins. Ed. 1.999, 38,
,549ýq; .oT. Ybahinutsu, M, Yanngiyi, H. Nagaoka, Teirahedron Len.

Schemec 5. a) TMSCH-:N2, 15rmin, >90%; b) (TMSOCHý),, TMSOVII, ' 4 :.-'•"ohutuM angy aak aaernLf
1999, :40,"5215; p) D. L. J. Clive, S. Y. Sun, X, He, 3. Zhang, V,CH2 CI2 , 5 b, 90%;t11 c) 1. LiOI-I, T-IF/"I20, 1.2 h; 2, TMSCHN., 0.5 h, Gagli.dini, Tetrahedron Lett. 1999, 40, 4605; q) G, A Sulikowski, F.70 % overall; d) Dess- Martin periodinane, NaHCO3 , CH2C]2 , 4 b, 90 %; Agnelli: 4R, M. Corbert, J Org. C0lenM 2000, 65,337; r) J. T. Start. E. M,c) LiAII4(O:Bu)3, toluetne, --10 *C, 5 min, 70 %, 22:24= 1:1; f) 1. LiOi, Carrcira;Angaw. Cheat. 2000, .7.2, 1473; Angew- Chem. lnr_ Ed, 2000,

THF-1%0, 24 h; 2. TFA/CH2CI2./Ho (54/4/I), 30 Thin, 70% overall. 39, 1415:

[3] a) 0. Kwsin, D.-S. Su, D. Meng, W. Deng, 0. D'Amico, S. J. Danishefsky,
"Angew, 'Chean. 1998, 110, 1978; Anguw. Chcm, lat. Ed. 1998, 37, 1877;

are pivotal. The sequence started with the interesting reaction b) O. Kw6n, D,-S. Su, D. Meng, W. Deng, D, D'Amico, S, J, Datishof-
sl, yAn"gcw. Cheat 1998, 37, 198I;Angew, Chein. Int. Ee. 1998,37,1880;of trimethylsilyldiazomethane with 3 to afford 20 and thence e)0. Meng, S,. J Danighefsky, Angew. Chemn. 1999, 111, 1582; Angew.

21. The latter reacted with lithium hydroxide and then Chem i't. Ed., 1999, 38, 1485; d) D. Meng, Q. Tam, S& J. Danlshefsky,
trirnethylsilyldiazomethane to give 22, which: following oxi- AngeW:bwC/tn. 1999, 177, 3393; Angew Chem. lnt. Ed. 1999, 38, 3197.
dation yielded 23. Treatment of this compoundd with lithium Previdusy we had referrcd to the 7-epi compounds as 7S based on Tlhe

th2 particulý anripod arbitrarily selected to describe the synthesis of thetri(rert-butoxide) hydride provided 22 and 2,4. We note •ra6ýnnte. In fact, tI1e structures we employed were talipodad to tlheagain[dJ that, in the case of 21, a "cascade'"lZbl driven by naturalise'ries, which thus necessitated a reversal of the designation at
carboxylate participation can not be invoked, since the c7.
lactone saponification occurs with the C29 methylester intact. [4] Thosecompounds have now been idectified directly in the fermenta-

it is also likely that the regiospecific reduction of the C7 .tin.mitur'e as will be described in detail.
: [5] The ratis 'were detcermined by oxidizing the C1 alcohol of the dithianeketone relative to that at Cl is orchestrated by the proximal addueti-. 'PDC, PhMe, approximately 80(%), and comparing the NMR

dioxolane protecting group. For instance, the corresponding spect&rao.f the resultant ketones with those of 11. PDC = pyridinium
ketodithiane analogue undergoes more rapid reduction at the dihOi-e.
C1 ketone relative to that at C7. The reduction of 23 as shown [61 '1; Tsuht(da, M. Suzuki, R. Noycri. Tetrahedron Lent 1978, 21, 1357.
affords 24 as well as the separable and recyclable 22. The four
methyl esters are cleaved through long-term treatment of 24
with lithium hydroxide and reconstruction of the system was
accomplished through the action of TEA (see structure 2)..
The conversion of 2 into 1 has been reported.["]

"The contrathcrmodynamic conversion of the 3, 4 minor ,......
series of metabolites into the more prevalent t, 2 family has
been accomplished, which thus completes our file on all the
known components of the fermentation mixture. Clearly the
densely funtionalizod architectures of these four compounds

A,
4

gEmw Chem. Int, EdS 2000, 39, No. 24 0 WRLEY-VCH'Verlag rmbil, D-69451 Weiahelin; 2:00() 1433-75"1/0013924-451.1 1 7.$t1+50/0 4511
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[6] N. Avarvari, N. Maigrot, L. Ricard F. IMathey, . Le Floch, C/hen. Eu'. 1 I

J. 1999 5.2109-2118, ' 0
[7] R. Uson, A. Laguna, in Orgmzonzetallfc Syntheses, VoL 3 (Eds: R. B. l l 00

King, 1 Eisch), Elsevier, Amsterdam, 1986, pp. 324-325, H062  • 14 H -O 2C H, 0
[8) X-ray structure determination ford4 (CT7H 75,AuClGGaSi4P4); Crystals, of W,& HO H ~ .-

4 were grown from a solution in CH-Cl2 ; crystal size: 0.28 x 0.24 x .0
0.15rmm. Data were collected al 123b0.5IK on an Enraf Nonius 1 7 N 1 77

CAD4 diffraetometer using graphite-monochromatad Mog, radiation a 0
(,l = 0.71"07,3 A). Thc crys;t al structure was solved a nd refined using the
Enraf Nonius MOLEN package. Monoelinic, space group P21/c
(no. 14), a=12.256(l), b=23.895(2), -=26.056(3) A, p=95,76(2)':
V=7592.1(2.6) A'; Z=4; p,, = 1,497 gem- : ,=26,8 m-1; ..m;: CP-225,17 (7q 2:oP-263,114 ('P)

F(000) =3440. A total of 15785 unique reflections were recorded in i c 57': - 1(
the range 2 < 20 < 51.8°, of which 7450 were considered as unobserved 25

(F2<2o(ýF)), leaving 8335 for solution and refinement, A non-
Poisson weighting dchme was applied witt a p factor equal to 0.08. biologica.': potential, if any, of agents that combine both
The finatl agreement factors were R=0.049, R&= 0.069, GOF-,•: 1.35; activities.is far from demonstrated, chemists have been
max.1min. residual electron density 2.10(13)/-0.19(13) eA-3. Crys- attrate chit ecue

taltographie data (excluding structure factors) for the strucmtres attracted:ý is challenge by the novel molecular architecture
reported in this paper have been deposited with the Cambridge -of these 18iget compounds. Elsewhere, we have described an
Crystallographic Data Centre as supplementary publication nos, approach!to the synthesis of the CP series that delivered
CCDC-119267 (3) and CCDC-119268 (4). Copies of the data can be dompouidýJ3, with the full framnework to reach the target
obtained free of charge on application to CCDI, 12 Union Road, structure'(Scheme ) )]
Cambridge CB2lEZ, UK (fax: (+44)1223-33C-033; c-mail: dcposit@
ccde.cam.ac.uk).

[9] a) C. Elsehenbroich, S. Voss, 0. Sehiemann, A. Lippek, K. Harms,
OrganOmetallics 1998, 17 4417-4424; b) N. M~zailles, L. Ricard, F. TBS TBS
Mathey, P, Le Floch, EAr. J, Iorg, Chse. 1999,12. in press. .0i 0 r0

[10] J, R. Morton. K, F. Preston,J. Magri, Reson. 1978, 30, 577. ., TBSO,. 0

[11] a) A. S. W. Li, L. Kevan,J, Buys. C/scm. 1981,85,2557; b) T. Ichikarwa, .
I1L Yoshida. A. S. W. Li, L. Kevan, J. A•m Chem. So&. 1984,106,4324. H H H

[121 A. 3. Buck, B. Mile, 3I A. Howard, J. Anm. C/scm, Soc. 1983,105, 3381. K) E, 16
17

T8S 0o TBS

7 0½o ---100 _
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Discovery Through Total Synthesis--- , O M0,", ' TBS 0S04 from theEpimerization at C7 in the CIP Compounds: . pm-s face

Is (7S)-CP-263,114 a Fermentation Product?**
Dongfang Meng, Qiang Tan, and 'e:
Samuel I Danishefsky* 0. o: :

The goal of accomplishing the total synthesesof CP-225,91'7 MEOaC.W

(1) and CP-263,114 (2) has attracted the active participation .
of a variety of research groups.["-] These substances inhibit (CH"')605:n (Q.
farnesyltransferase and squalene synthase activity While the 3

Schema 1,:ýSnthesis of 3.P11

[* Prof. S. J. Danishefsky,H+1 D. Mng,[+] Q. Tan
Laboratory for Bicorganie Chemistry ,Wec nteid that the stereochemistry we were assigning at C7
Sloan-Kettering Institute for Cancer Rese-rch ' (S)f1 .6f :,ýur synthetic structure was not the same as that
1275 York Avenue, New York, NY 10021 (USA) .. ssignied by•' the '.fizer discovery group to CP-263,114 (7R).tt ,]
Fwx: (+1 1) 212-772-869:1 ...
E-mail: s(dan1sh-fsky0s6ti.mskc.org However one could not then be sure that the assignment to

[+] F -rrber.addro •sr the natural product was necessarily correct. Some preliminary
Department of Chemistry, Columbia University attempts"::on our part to epimerize aldehyde 3 were not
Havemyer Hall, New York, NY 10027 (USA) .' successfulYand were attended by extensive decomposition.

["* We thank the Pfizer Corporation and particularly Drs. T. Kaneko and Accordinglý, we unldertook the installation of the remaining
T. T. Dabrah for their encouragement by providing valuable fermen- functionallty required to go from 3 to the CP compounds
tation spccimcnis. This research was supported by the National otefln sedmn•.Tifs rseach as upprte bytheNallonfl (negleci~i#g the issue of- the C7 stereochemistry) in the hope o
Institutes of Health (CA28824). D.M. and Q.T. gratefully actnow- (g t h i oh s c s n e p
edge the U.S, Army for predoetoral and postdoctoral Fellowship settlingl. t~his question. Pentenylation of 3 followed by the
support, rcspectively, oxidati6d"of the resultant carbinot afforded 4 (Scheme 2).

Angcw. Clhm.. &Lr E1 1999, 38, No. 21 0 WILEY-VCI- Verlag GmbH, D-69151' Weinheim, 1999 1433-7851/9913821-3197 S 17.50+.5010 3197
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Fortunately, we could deprotect the primary hydroxyl group linkage is::s lsuperseded by other interesting chemistry (see
on the C4 side chain with dichlorodicyanobenzoquinone below)i.
(DDQ) to afford alcohol 5. Oxidation of $ provided aldehyde We were:: :. able to convert small refercnce samples of the acid
6- The direct coupling of the compound with 1,1-diodo- 2,..mad eiaailable to us from fermuntation,101 into its methyl
ethaner71 gave rise to 7. NMR spectral analysis continued to ester thirogh the action of diazomethanc under carefully
suggest that our compounds had the 7S configuration,[" 81 At controlled:conditjons-£l It was clear that the methyl ester 9(121
this stage we were in a position to exploit the fused 2-(tert- obtained :fom synthesis was similar to, but not the same as that
butyldimethylsilyl)furan moiety. Trcatment of this compound, deriverom 2. Accordingly, we were obliged to conclude that
as previously described in our model studiesrlb] indeed gave the natural OP-derived ester indeed corresponds to structure
rise to the hcmiacetal 8 as an anomeric mixture.[] Oxidation 1 0,1[] .ith :the 7R[4 ] configuration in accordance with the
with tetrapropylammonium perruthenate/N-methylmorpho- assignment of Kaneko and colleagues.1' ,g Correspondingly,
line-N-oxide (TPAP/NMO) produced the internal carboxylic the este6ri:d' ved from total synthesis was, as we had surmised,
anhydride 9- 9 with :7Sicbiguttin

Definitive proof of the configuration of the natural seriesat At thii :point, we recorded a most surprising observation:
C714) would require comparison with the methyl ester of CP- followmig..#stenfication of various trace specimens of 2,
263,114, an unknowa compound at the time. Of course, the.. 'provideddli :by Pfizer scientists from various fcrmentation
obvious possibility of hydrolyzing 9 to its corresponding acid broths['].ith 9 used as a reference sample-we could
did not escape our attention. However, in practice, the readily dctect significant quantities (betwcen 5 and 30%) of
attempted base-induced saponification of the mcthyl-ester the syntiici•ally derived 7S system 9 in addition to the major

p roduct 10.111 This finding raised the
TS •. TBS. possibility that the 7S product may

also be naturally occurring. We set
a this question aside and probed wheth-

MeO2CN• .r Me"N'DMg 2r HV t .. : 1 1 er epimerization at C7 would be

HO b M . possiblc in the ester series- Interest-
(CHa)sOBn BnO(CH) . ingly, when a purified sample of 10,

*i prepared from the methylation of 2
with diazomethane, was subjected to
the action of various strong acids such

TBS TBS . as trifluoroacetic acid (TFA) or, pref-
o .0 erably methanesulfonie acid (MSA),

MeO 2C.• . tt'<k H MeOtC Lherc was clear epimerization at 07
- - leading to a mixture of 9 and 10. With

" "time, the mixture significantly favored
aP o 9. A precise statement of the ratio is

5: A = fCH•HgOH " 7: F! - (CH•) 5CHaHMe (. : "-not possible, since some side reactions
6: R (CH5 0)sCHO were occurring as "equilibration" was

in progress- We note that after treat-
o w ent with. MSA for one week the

o. o0 ratio 9:10 is approximately 3:1. How-
S4. ,, , . .ever, equilibrium had not Yet beenMoO 2C..t OH , eO2C.. " reached-

r \Unfortunately, attempted equili-

r O .. bration of 9 and 10, starting with 9,

a: P - (CH2)0CH-CHMe 9 R = (0),O-12)H=CHMe (5-(VS methylKeter using TFA or MSA, was attended by
serious decomposition in the case of

i. W .. the former acid and essentially no
00 I reaction with the latter reagent. These

Q 0 0 experiments show that the 7S com-
HoaC\ ,,,. MehC" H .pound, 9 is substantially more stablc

- .Kthan the 7R compound 10 in the ester
"._ , ."serics.

1 11 More extensive investiga-

S. '. L tions of the situation at C7 in thc
CP-22$,917 series are described be-

10:A (CHdsCGH=CHh~e (E)-(77R)-mthlleie lw,, , ... ? ;i~iii).low .
While the full range of possible

Scheme 2. a) Diethyl ether, -78'C (80-,90% conversioin):; b) Dess-Martin periodhiane, Mi.Ch, 60% ac1id ed hexprints or otherover two steps; c)DDO, i tO, CtCI,, 60%, d)Dess-Mirrn perlodlane, .CH-ZC 8%; ) acid-catalyed experiments or otlher

dilodoethane, CrCl2 , THF, 70 %; f )y, 0,, rose Bengal, ixr1EtN, CHCI,, 0*C; g) T-PAP, NMO, CH1C2l, epimerization strategies starting in
ca. 50% over two steps; h) CQ-2 N2 , dieTlyl ether, >90%• i) CF:,COOH or MsSO02 H, CDj. the manifold of the "closed" 7-epi

3198 @ W[(,EY-VCH Verla; OmbH, D-69451. Wehlibelm, 1999 1433-7851/99/3821-3198 S 1750+.50/0 Angew, Client, Int Ed. 1999, 38, No, 21
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series has not yet been pursued, we posed the' question as to hydroxidc:experimcnt was also conducted starting with the 71?
whether base-catalyzed epimerization at C7 in the "open" CP mcthylfcsite'r 10 of the natural senies. The process was closely
series (see structure 1; whore "closed" and "open" refer to the monitored4 by HPLC and 1H NMR spectroscopy The fastest
presence and absenec, respectively, of an.. ether bridge step is: thi•tof cleavage of the 6-lactol, which is initiated by a
between C7 and C28) might be possible (Scheme 3). Such reveisiblh opening of the y-lactone under formation of the
an epimerization could be pictured in terms. of the C7-C8 open-dhaiinmethyl ester 16. Concurrently, a slower epimeri-
enediols (see partial structure 12). Clearly, this approach was zation atG7 was accompanied by hydrolysis of the methyl
not without its own attendant risks.In addition to C7 estet. After"24 l1the ester linkage had been cleaved and the
protonation to produce the two stereoisomeric alcohols at resultantim:ixture of acids, somewhat richer in 1 relative to
C7, there loomed the possibility that ketonization could occur .5if1-J couild be separated. Given the fact that the hydroxide-
at 07 (partial structure 14), resulting in a new line of CP induced conversion of 10-16 occurs much more rapidly than
congeners that could not readily be "rehabilitated" in our hydrolys*isof the ester; the critical role postulated by Nicolaou
total synthesis venture. etal.of fr:ee carboxylate being a crucial element in a

We first probed this question indirectly by starting with a presumed.'i cascade" process to achieve the opening of the
specimen reference sample of the "open" CP -acid 1. Inh.the .. -lactone.as judged by cleavage of the 6-lactol, is open to
event, treatment of this compoun.d with lithium hydroxide, cdnsiderable question,1 21 In our case, dearly no such partic-
generated an approximate 1:1 mixture of 1 and a new acid ipatonis .:involved in the hydroxide-driven opening of the y-

1 5,[tzj which we assumed to be the 7-epimer of 1. Remarkably, lacton siýnýe there are no free earboxylate groups.
the mixture seemed to be substantially confined to epi.mer6 at Because:of some attendant decomposition we cannot quote
C7.1'` Thus, starting with 1, crossing of the C7R-C7S a preclse e:gquilibrium ratio of 1 and 15. However, we were able
boundary was possible without significant wandering into to int`erc ect the open (CP-225,917) and closed (CP-
the structurally isomeric ketol terrain (--+14).I1WJ The lithium 263,114) !systems in the 7S series by taking advantage of the

cyclization reaction with
methanesulfonic acid, initial-

*4.0H • ly discovered by the Pfizer
?H OP c 7reN ..<j..R scientistS, 7] starting with the

CP om R i OPcore aQ R 13 core• natural 7R isomer. Corn-

1 O 12 OH " pound I was indeed convert-

CP core s ed into 2 exactly as they
OH reported. Similarly, 15 was
"14 :converted into 17, the 7S

' analogue of 2, In each case
Me . the cyclization reaction oc-

o H 0 curred without noticeable ep-
!ý MeOa \11, H HOMO2O'h, H 0 imerization at C7. Long-term

MOC.N OR' Ga. 90% 0, treatment of 2 with MSA did

00 • ' , '::':i ,,.' j 11 result in epirnerization at C7.

10: (79)-CP-263,114 16 (7Fq-CP-225.917 .; '.'75.-P-2s3,¶ ¶4 Thus, an 8:1 mixture of 17:2
methyl ester methyl ester methyl ester was obtained from 2 after one

a. ca. 60%, a,90% week.( 1i Clearly, the 75
1.7:1/1:15 . .:acid is substantially more sta-

S0o ble thanthe 7Racid 2, which
0,OH \0. H is in keeping with our findings

' • I ' •H.. H CO in the case of the correspond-
O ' H as. H: P ing esters 9 and 10.

R' a.60%, 
C1:15 ca.:1 We now had in hand pure

o ®OH . 0 . samples of the natural (7R)
:(~--OP-2,917 -- -- 15; (7'-P-225,917' . .":: :: (7s)-CP-225,917 "open" (CP-225,917) and

, methyl eater "closed" (CP-263,114) series
b Ga. 0e')01. "as the acids (land 2) and the

O methyl esters (10 and 16), as

Oo• \O °&..,oO well as the corresponding 7S

H 0 HO,--r, ' -0: series of closed acid (17),'bHCe closed ester (9), open acid
7 (15), and open methyl ester

0RP .0 (18), At this point it was very
2: (7R-CP-263,114 17: (7)-cP-]-23,114 clear that the reference sam-

Scheme 3. a) LiOt (n.1 M):THF, 1:4; b) McSO 2OH (I cquiv), CDCL, ca. 90 %; c)Me'SO'OiH.3 equiv), CDC,, ca. ples of 2, obtained from sev-
90%; d) MeSO2OH (15 cquiv), CDCI5 , ca- 90%, 17:2=8:1. . cral fermontation runs, con-

AngeW. Chem/ In, .Ed. 199, 38, No. 21 9 Wi.IuY-VCI.i VrliagGmbhH,'.-69451'Wein ';'ng19. 1433-7851/99/3821-3199 $ 1tS+.50/0 3199
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tained between 5-30% of 17. Without an authentic samplc .225,91.7 sWicoisomers (15 and 1). Hcre it was initially felt that
such as we had available through total synthesis, it'would be giveii fre• 8tation in the open structures, the stability margins
quite understandable for the minor 7S version of 2 to' be betw*e•n•he' 7IR and 7S isomers would have been markedly
overlooked in an isolation program. We also'note that the * reduce&d.Instead, we again found (at least in the context of the
HPLC separation of 2 and its 7S epimer is quite difficult.'11l 'systems wihre in addition to the free CH 2CO2, the internal

We then explored the possibility of entering the natural anhydnide :has been opened to form a disodium salt) a strong
series (7R) by base-catalyzed equilibration starting with the prcfcrcnc.f~or the 7S configuration. Apparently, cvcn in the
7S epimers that could be derived from total synthesis. "0.Lpen' en!:e8s, there are rigidifying influences--possibly
Remarkably, treatment of 1.5 with lithium, hydr6xide followed aising: from intramolecular hydrogen bonds-which favor
by acidification gave recovered starting material in addition to the 7S: d:'iastiereomers. Whether the preference for the 7S
some general decomposition. At best, we could detect only configiiirtiin extends to "open" systems that lack the array of
trace quantities (about 5 %) of 1 by HPLC. However, with the lithiu i iniboxylates, remains to be established. Such matters,
amounts of 15 available to us, fully homogenous CP-225,91.7 as weIl asithe biological properties of the newly fashioned and
(1) was not secured from a total synthesis route. recogiz•.d.7S compounds, are the subjects of continuing

In summary, the total syntheses of the 7S-CP systems has investiga•tion
been accomplished. This -program, initially directed at the
total syntheses of 1 and 2, has served to:broaden our Received: July 28, 1999 [Zi3791IF

understanding of the chemistry of the CP-2'25,917 (opea) Gernanversion:Angew C/tern. 1999,111,3393-3397
and 263,114 (closed) series and to identify the 7S closed
isomer 17 in the latter case as a very likely.: fermentation Keywords 6!epimerization natural products • polycycles
product. In the closed case a very powerful thermodynamic
advantage favoring the 7-epi series (9/10 and 17/2) was " .
discovered. We attribute this striking stability-differential to [1] Repreenane synthetic approaches to 1 and 2: K. C Nicolaou,
the fact that in the epi series (9 and 17) the hexenoyl side .W.4IHu'rter, L. Boulton, B. Jandeleit. Angcn' Chcm, 1997,109,1243;
chain projecting from C7 is cxo' with respect t~o the bicyclo- .. Aneb C.iey. hit. Ed, Engl. 1997,36, 1194; K. C. Nicolaou, M. H. 0." prPostennoCi',wh s. D. Miller, Ci Yang, Angew. Chem. 1997, 709, 2922; Angw.
[3.3.1]nonane substructure. By contrast, in %the naturally c/" c • £4 £,gi, 1997, 36, 2821; H. M, L. Davies, R. Calve, G,

prevalent 7R series, the hexenoyl moiety is endo and A "d~e Tetrahedron Lcur. 1997, 38, 1737: P. W, M. Sgarbi, D. L. J.

substantially more hindered (Figure 1). A similar conclusion, Clive:: Comnmun, 1997, 2157; A. Axrmstrong, T, J, Critc-ley,
A. A. M, tocic, Synlett 1998, 552; N. Waizurni, T Ito, T' Fukuyama,
Teileraedron Lett. 1998,39,6015; C. Chen, M. E. Layton, M. D. ShatI,

0' Am.,A Cl'em. SoDc 1998,120, 10784; M. M. Bio, 3. L. Leighton, J. Am.
0.'Che.:n-._ S :1999, 121, 890; K. C. Nicolaou, P. S. Baran, R. Jautelat, Y.

He, ý C'. ong, 1I.-S. Chloi, W. H. Yoon, Y.-L. Zhong, Angew. Chem.

HO2 " M. 1999,11.7, 532; Angew. Chem. Int. Ed. 1999, 38, 549.
,,- he noyIisser.es 2] T~he' ifirst'total syntheses of CF-225,917 and CP-263,114 were

accoA"i•shed quite recently by Niecolou and co-workefs: a) K. C.
sndo hexenoyl: 7R series P'Ni¢o1iii•"F. S. Baran, Y.-L. Zhong, H.-S. Cloi, W. -T. Yoon, Y_ He,

"".K. C,fdg A;gew,. Client. 1999, 172, 1774; Angew, Chern. Ih, Ed.
9 ." l99 38; 1669; b) K, C. Nicolaou, E S, Baran, Y.-L. Zheong, K. C, Fong,

."Y: 11,.W.H. Yoon, H.-S, Choi, Angew, Chem. 1999,111,1781; Angew.
"" ".'Che'mrn.Jut.Ed. 1999,38, 1676.

H0-k \ o [] pi a) ' 0. 1ivn, 1.-S. Su, D. Meng, W. Deng, D. C D'Arnico, S. J.
o ' ' Danisljcfky, Angew. Clienm. 1998, 10, 1978; Angew. Chsem. Int Ed.

I'". '199)8, 1'877; b) 0. Kwon, D.-S. Su, D. Meng, W. Deng, D-C.
D'"•AýmiS, &. Datishefsky, Angew. Chem, 1998, 110, 1981; Angew.

17 Chemninz. Ed. 1998,3% 1880;e) D. Meng, & .JDanishefsky.Aogcw.
7ahxol qtalxo,. sCle•eiri" 199 111, 1582: Angew. Chum. Int, Ed. 1999,38,1485.
RL series iS series ' ' " i ... . [4] Synhets6e3 is raceemtc. Furthermore, the absolute configuration of ihe

Figure 1. Positioning of the h~cxnoyl groups in theT7Rtind'ithe7S.erie .. n~a~turalproducts is not known. For purposes of discussiun, we
(for further information see the text). 'zbrtanlepict the absolute eonfiguration as shown. The descriptors

7R' r.'7S iismeaningfud only in respect to the rest of the particular core

a fi e sr sti-net:r enantiomer drawn here. We also note that in our earlier
arises from examining the two series fom the sterial. disd ,ti center (C7) had been numbered as C12 before the
perspective of the tetrahydropyran ring. If this, ring: is in a ' intl consiiiietion of the CP system had been completed. Wc now return
chair conformation, then the hexenoyl group is: equatorial'in to t n•imbenring system proposed by Kaneko eta!.1•,l
the 7S series while it is axial in the 7R case (Figur )1) [5p] i_'. Dbr'ah, T. Kanaeko, W. MasseeNki, Jr., E.B•. Whipple, 1. An
Alternatively, the pyran ring may adapt an energetcaly costly* . C. ] SoI .. f, 119594., .

enegeicll([] T. T.:& ab*r~ah, H. 3. Harwood, Jr., L. H. Huang, N. D. Jankovich, T.
boatlike conformation in the 7R case, to avoid.,placement• of Kane".a, .-C. Li, S. Lindsey, P.M. Moshier, T.A. Subashi, M.
the large hexenoyl group in a 1,3-diaxial relationship to C17 . Th~iriii:.R C. Watts, J. Antiblot. 1997,50, 1.

In any case, dynamic equilibration apparently does not lead.to. [ 7] T. 01/Awe; K. Thkai. I, Utimoto, I, Am, Chur, Soc. 1987, 109. 951.

dctectable conversion of 75 into 7R diastereomer- in the closed [8] The NlOESY's pctrurn of 3 showed a cross peak between H--7 and H17
systems. instead'othe expected H7 and H:10. Every "closed" compound withsyses ","" '. tihe 7S.:!•ozifigura tion at C'/exhibited at quartet at 6 = 4.1 -4.2 in their

Surprisingly, the preference for the 7S-configured system, . tiN :.4ecu, By contrast, 7R-CP-2f33,114 (2) and iti methyl ester

while perhaps less overwhelming, extends to :the open C .P- (10). d'is1A' a triplet at ,=4.5-4.6 in the 'l NMR spectra_

3200 0 WtGEY-VCff Verls 5 OermbH, D069431 Weinhirn, .i999 1433-7851V/9`.821-3200 S 17.50+.50/0 Angew. Chem, Int. Ed. 1999.38, No. 21
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[9] Recent examples of singlet-oxygen oxidation of furas can be found in Electron Microscopy Reveals the Nucleation
dvidiolidesyntheses: a) EJ. Corey, B. E. Roberts. J. Am. Chem. Soc. Mechaim of Zeolite Y from Precursor
15997. 119. 12425; b) S. R. Magnuson, L. Sepp.Loreozino. N. Rosen.
S. J. Danishefsky, J, Am, Chem, So. 1998,120, 1615, Colloids*'*

[1w] The authors thank Dr. T. Kaneko and Dr. T. T- Dabrah of the Pfizer
Central Research for providing a trace sample of natural CP-225,917 Svetlanfa: Mintova, Norman H., Olson, and
and several small samples of CP-263,114 from separate fermentadon Thomas 1etin*
proccsses.

[11] Use of trimethylsityldiazomecthane leads to a nrimethyl ester as the Zeolites are crystalline, porous solids whose intricate pore
product from a ring opening of the anhydride. Some diazomethane and channel systems in the molecular size range of 0.3 to
Lnerbylations required 2-pontone a,; cosolvent to pfevelnt aide' reac-
tions at the twa side-chain olefinsi. about 15.am are the basis for their immense importance in

[12] 9: IR(film): f,=2921, 1798, 1767, 1736cm"*; 'H NMR (CDCl2 , catalysis:, separations, and ion exchange i[AJ Although nmmer-
5flo MHz): 6 =5.81(s, IlH), 5.45-5.39 (m, 4H), 4.21 (dd, I= 12.2, ous studies have addressed the preparation of zeolites, it has
3.0 Hz, IH), 3.71 (s, 3H), 3.29 (s, 11), 3.25 (d,1T=17.5 HZ, 1H), 3.08 been.very difficult to model the complex mechanismn bywhich
(d, J = 8.3 Hz, I H), 2.95 (d, J = 17,5 Hz, 1 H), 2,64 (dd, 1 = 19.2.22 Hz,
1ll), 2.29-2.20 (m, 3H), 2,04-2.00 (m, 311), 1.94-1.89 (m, 311), they assemble from framework constituent precursor species
1.64-1.62 (m, 6H), 1.25-1.14 (m); HR-MS QfAB) crsdcd for under hydrothermal synthesis conditions.
C 2H38ONa [M+Na]+: 589.2413, found: 589.2391. An improved understanding of the synthesis mechanism is

[13] 10; IR(film): f =2927, 1792, 1768. 1740 cm- '11 NMR (CDCI. pivotal for the design of ncw zcolitcs (only about lOG
500 MI-Iz): 0 . 5,66 (d,J :=1.9 Ha, t-), 5,50-5.30 (m. 4)), 4,54 (t.J=

8. 1 HziN), 3.73 (s, 3 H), 3.53 (s, I H), 3.25 (d, I= 1724 i-, 114), 3.08 structures are known so far), and for thc preparation of novel
(d:J=19.5 I-I-a 11-1),2.93 (d,.J=17.41-z, 11-),2.74-2.69(m,3H),2.53 zcolitic assemblics such as zeolite thin films for membrane
(to., 1 H), 2.35-2.25 (m, 4H), 2.12 (dd,J = 13.6, 8.8 1z., 1 H), 1.94-1.91 reactors,: monoliths, or functional nanostructures.15 s Here we
(m, 2H), 1.64-1.62 (m, 6 H), 1-25-1.14 (m); HR-MS (FAR) ealed for report d~ifect, high-resolution electron microscopic evidence
ConH-Iu•ON,1 [M+Na]t- 589.24:13, fond~l 589.24'15. .for the n~ucleation mechanism of zeolite Y (faujasite structure

[14] The trace fermentation acid samples came from several different

sources which differed in the amount of the IS system 17 (and type; FAU) in nanoscale amorphous aluminosilicate gel
subsequently its methyl ester 11). The ratio of 2:17 did not change particlesi followed by full conversion of the gel aggregates
following storage of the samples in our prenmiscs for five months at into 25-35 nmn large single crystals of zeolite Y. Further

78"C. crystallization of the colloidal zeolite Y suspension is mcdi-
[151 Separation condeitios of 1, 2, •5, and 17: Rever•ed.phase HPLC bcolurn:esalter tenal SgODS, 0002 H.P04 CH~~r::6. ated by soluble aluminosilicate species_column-. Metacliep TnertsiU 5 p. ODS2, 0,002% HJ'O,:CHICN rl-ý 4:6,

Retention rime: 15 (16 min), 1 (17 mire), 2 (32 miin), 17 (34 min). It is Different mechanisms have been discussed regarding
also crucial to inject the sample in a 111 mixture of 0.1% H3PO4 ill nucleationi and crystallization of zeolites, based on exper-
CHCN. We note also that the chrotmatography pet se does not effect imyental ýevidence obtained with various methods such as
the homogeneity of the samples, Hence, we are cuiedenit that the 7S X-ray 5diffraction and scatt-ring, solid-state NMR spectro-
isomer we detected was present in the original samples. k-ray atin ctngse o

[16] Another pathway not invoking cnediol 12 would involve a reversible scopy, atom b force microscopy, and electron microscopy.[6 22]

C6-C7 a-ketol shift with an intervening rotation about the C6-C7 a These include transformation of the precursor gel phase,
bond. This step would effectively epimerize C7 without the necessary aggregation and realignment of preassembled building blocks
scrambling of the ketoL. For this "ketol-shift" pathway, as well as the containing template molecule/(alumino)silicate clusters, and
enediol pathway, to be viable, it would be crucial that the 7-hydroxy-6.
ketone be much more stable than the 6-hydroxy-7-ketune isomers in asscmbl&.of soluble small species from solution. Most of the

both the 71? and 7S seriem. above tchclniqucs give information about the final crystalline
[17] Dess-Martin periodinane: a) D.B. Deos, . C. Martin, . Org. Chem. product;:however, imaging the initial stage of zeolite forma-

1983,48,4155; b) D. B. Deas, J. C Martin, 1. Am. Chiem. Soc. 1991,113, tion: has not previously been possible.
7277; c) &.D. Meyer, & L. Sbreiber, 1. Ore. Chem. 1 , 5, , " Sevcrl ib6kcular sieves, including zeolite A, Y, L, ZSM-5,
d) R. E. Ireland, L. Liu, J. Org. Chem. 3993,58,2899; review of TPAP/
NMO oxidation: S. V. Lcy, J. Norman, W. P. Griffith, S. R Marsden, silicalite-t TS-, and AIPOC- can be made in colloidal form
Synthesis 1994, 639. with. particle sizes in the nanometer range.[-3-- Recently, we

rcported a detailed study of the very early stages of zeolitc A
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